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RESIST RECOVERY METHOD 

FIELD 

[0001] Embodiments of the invention relate generally to the field of semiconductor 
manufacturing and more particularly to photolithography and to methods and apparatuses for the 
reduction of photoresist consumption. 

BACKGROUND 

[0002] The manufacture of semiconductor devices typically includes a photolithographic 
process. Photolithography typically involves various combinations of material deposition, 
etching, and chemical treatment. 

[0003] A portion of a typical lithography process would proceed as follows. A film (e.g., a 
metal film) layer is deposited on a substrate. The film layer is typically only a few nanometers 
(nm) thick. A photoresist layer is then deposited on the substrate (i.e., over the film layer). A 
photoresist is a photosensitive material that hardens when exposed to light. The positive or 
negative photoresist may typically be spun on to the substrate and may include solvents to ensure 
a uniform coating. Such photoresists may be soft baked after deposition to drive off excess 
solvents. The photoresist is then selectively hardened by exposure to light in specific places. 
Typically a mask (i.e., a transparent plate having a printed pattern) and a light source (scanner or 
stepper) are used to illuminate the specified portions of the photoresist layer. Then, the non- 
exposed portion of the photoresist layer (e.g. the non-hardened portion of the photoresist layer), 
is removed by the photoresist developer. The underlying portion of the film layer (i.e., metal, 
oxide, nitride, etc.) is etched using a chemical treatment (wet etch) or plasma (dry etch). 
Subsequently, the exposed portion of the photoresist layer, is developed leaving the patterned 
film layer, which can be used to etch the underlying material, or be used as a mold for plating or 
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deposition of material to fill in the pattern to complete the image transfer from patterned 
photoresist to the patterned material needed for the actual device layer. 

[0004] Figure 1 illustrates a typical apparatus and method for applying photoresist to a wafer 
in accordance with the prior art. System 100, shown in Figure 1, includes a wafer platform 105 
on which a wafer 106 is placed. Photoresist is dispensed from photoresist nozzle 1 10 and 
applied to wafer 106. The wafer platform 105 and wafer 106 are then lowered into the chamber 
(bowl) 120, as indicated by arrow 121. The motor 130 then rotates the wafer spindle 131 to spin 
the wafer platform 105 and wafer 106. Spinning the wafer helps to dispense the photoresist 
across the wafer and level the photoresist. Upon initial spinning, a large proportion of the 
photoresist is spun off the wafer against the inner surface of the bowl. This excess photoresist 
proceeds down drainpipe 135 to receptacle 140 or may proceed to a waste drain. 
[0005] A solvent is directed toward the edge of the wafer to effect edge-bead removal, which 
is the removal of photoresist from the edge of the wafer. This solvent is dispensed through edge- 
bead removal nozzle 145. The solvent, and any particulate matter from the edge-bead removal 
process, also proceeds down drainpipe 135 to receptacle 140. 

[0006] To prevent excess photoresist from accumulating on the inner surface of the bowl, the 
bowl is rinsed with a solvent. Typically, the same type of solvent used for the edge-bead 
removal process may be used for the bowl wash. The solvent is dispensed along the inner 
surface of the bowl, through, for example, a weeping seal 150, as shown in Figure 1. Again, the 
solvent from the bowl wash proceeds down drainpipe 135 to receptacle 140. 
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[0007] The excess photoresist in receptacle 140 is contaminated with solvents and particulate 
matter and cannot be reused for photolithography. This photoresist is expensive and adds 
significantly to the cost of semiconductor device manufacture. Moreover, there is a significant 
cost associated with disposal of the photoresist/solvent byproduct. 

[0008] Previous efforts to address this situation have focused on reducing the amount of 
photoresist used. For example, over the past twenty years, increasingly accurate pumps to 
dispense the photoresist have been developed. Through the use of such accurate pumps, the 
amount of photoresist used has been reduced dramatically. Still, the photoresist that is used is 
used inefficiently, a large proportion of the photoresist is discarded, with the attendant costs and 
disadvantages. 
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SUMMARY 

A method is disclosed for one embodiment. An amount of photoresist is deposited upon 
a substrate, the amount of photoresist more than necessary to coat the substrate. The substrate is 
spun within a bowl such that an excess amount of photoresist is propelled off of the substrate to 
an interior surface of the bowl. A portion of the excess amount of photoresist is recovered and 
treated such that the recovered portion of the excess amount of photoresist is rendered usable. 
[0009] Other features and advantages of embodiments of the present invention will be 
apparent from the accompanying drawings, and from the detailed description, that follows 
below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention may be best understood by referring to the following description and 
accompanying drawings that are used to illustrate embodiments of the invention. In the 
drawings: 

[0011] Figure 1 illustrates a typical apparatus and method for applying photoresist to a wafer 
in accordance with the prior art; 

[0012] Figure 2 illustrates an apparatus for photoresist recovery in accordance with one 
embodiment of the invention; 

[0013] Figure 3 illustrates the perimeter drain for use in one embodiment of the invention. 
[0014] Figure 4 illustrates an apparatus for photoresist recovery in accordance with one 
embodiment of the invention; and 

[0015] Figure 5 illustrates a process for recovering photoresist in accordance with one 
embodiment of the invention. 
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DETAILED DESCRIPTION 

[0016] Embodiments of the invention provide methods and apparatuses for the recovery of 
photoresist. In various embodiments, the excess photoresist that is spun off the wafer is 
recovered and filtered for reuse. For such embodiments, the amount of photoresist necessary for 
semiconductor device production and the amount of resultant chemical waste that must be 
disposed of, is substantially reduced. 

[0017] In the following description, numerous specific details are set forth. However, it is 
understood that embodiments of the invention may be practiced without these specific details. In 
other instances, well-known circuits, structures and techniques have not been shown in detail in 
order not to obscure the understanding of this description. 

[0018] Reference throughout the specification to "one embodiment" or "an embodiment" 
means that a particular feature, structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment of the present invention. Thus, the 
appearance of the phrases "in one embodiment" or "in an embodiment" in various places 
throughout the specification are not necessarily all referring to the same embodiment. 
Furthermore, the particular features, structures, or characteristics may be combined in any 
suitable manner in one or more embodiments. 

[0019] Moreover, inventive aspects lie in less than all features of a single disclosed 
embodiment. Thus, the claims following the Detailed Description are hereby expressly 
incorporated into this Detailed Description, with each claim standing on its own as a separate 
embodiment of this invention. 
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[0020] Figure 2, illustrates an apparatus for photoresist recovery in accordance with one 
embodiment of the invention. System 200, shown in Figure 2, includes a wafer 206 positioned 
on wafer platform 205. The wafer platform 205 and the wafer 206, having photoresist deposited 
thereon, have been lowered into bowl 220. The motor 230 then rotates the wafer spindle 231 to 
spin the wafer platform 205 and wafer 206. Upon initial spin, the excess photoresist is spun off 
toward the inner surface of the bowl 220. In accordance with one embodiment of the invention, 
bowl 220 has a perimeter drain 250 that extends along the perimeter of the bowl 220. For one 
embodiment the perimeter drain 250 is positioned level with the lowered wafer platform 205 and 
the rotating wafer 206. For alternative embodiments, the perimeter drain 250 is positioned below 
the lowered wafer platform 205 and the rotating wafer 206. 

[0021] The excess photoresist, which may be up to approximately 90% of the photoresist 
deposited on thewafer, is spun off the wafer and into perimeter drain 250. From there, the 
excess photoresist proceeds down recovery drainpipe 255 to a photoresist recovery container 
260. In an alternative embodiment, the bowl may separate to allow the excess photoresist 
recovery container. 

[0022] For one embodiment, the system 200 also includes a perimeter drain block 270. After 
the excess photoresist is recovered, the perimeter drain block 270 is positioned in front of 
perimeter drain 250 and the edge-bead removal process and bowl wash process proceed as 
described above in reference to Figure 1 . The solvents and any particulate matter from the edge- 
bead removal process and bowl wash process proceed through drainpipe 235 to waste receptacle 
240. 
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[0023] In various alternative embodiments, the position of the bowl 220 may be adjustable to 
effect photoresist recovery. Additionally, or alternatively, the position of wafer spindle 231 
within bowl 220 is adjustable to align to perimeter drain 250. 

[0024] Figure 3 illustrates the perimeter drain for use in one embodiment of the invention. 
Figure 3 shows perimeter drain 250 extending around the perimeter of the bowl 220 and 
connecting the interior surface of the bowl to recovery drainpipe 255. For various alternative 
embodiments, the perimeter drain may be angled to facilitate movement of the photoresist 
toward the recovery drainpipe 255. Additionally, a solvent-rich environment may be maintained 
within the perimeter drain 250 and the recovery drainpipe 255. The solvent-rich environment, 
which may consist of solvent vapor, helps to prevent the photoresist from drying (hardening) in 
the recovery drainpipe. The solvent may be of the same type as used in the photoresist. 
[0025] Figure 4 illustrates an apparatus for photoresist recovery in accordance with one 
embodiment of the invention. System 400, shown in Figure 4, includes a wafer 406 on top of 
wafer platform 405. The wafer 406 and the wafer platform have been lowered into bowl 420. 
The motor 430 then rotates the wafer spindle 43 1 to spin the wafer platform 405 and wafer 406. 
Excess photoresist is spun off the wafer against the inner surface of bowl 420. At this point a 
photoresist recovery bowl wash process is effected. The bowl wash uses the same or compatible 
solvent as is used in the photoresist. The excess-photoresist/solvent composition proceeds down 
recovery drainpipe 455 to photoresist recovery container 460. During the photoresist recovery 
bowl wash, the waste drainpipe 435 is blocked by drainpipe block 436. This prevents the excess- 
photoresist/solvent composition from proceeding down waste drainpipe 435. 
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[0026] After the photoresist recovery bowl wash is completed and the excess- 
photoresist/solvent composition has proceeded down recovery drainpipe 455, the recovery 
drainpipe block 456 is positioned in front of the recovery drainpipe 455 and the drainpipe block 
436 is removed from in front of waste drainpipe 435. The edge-bead removal process is then 
effected as described above in reference to Figure 1 . The solvent used in the edge-bead removal 
process is typically not the same as used in the photoresist. The solvent, and any particulate 
matter from the edge-bead removal process, proceeds down waste drainpipe 435 to waste 
receptacle 440. After the edge-bead removal process is complete, a final bowl wash is 
performed. The solvent used in the final bowl wash also proceeds down waste drainpipe 435 to 
waste receptacle 440. 

[0027] Figure 5 illustrates a process for recovering photoresist in accordance with one 
embodiment of the invention. Process 500, shown in Figure 5, begins at operation 505 in which 
photoresist is deposited upon a substrate (e.g., a semiconductor wafer). The photoresist may 
contain solvent to assist in uniform coating of the wafer. 

[0028] At operation 510 the wafer is spun to drive off (propel) excess photoresist from 
wafer. The wafer is spun within a chamber and the excess photoresist is directed toward the 
inner surface of the chamber. 

[0029] At operation 515, the excess photoresist is recovered. For various embodiments of 
the invention, the excess photoresist may be recovered through use of systems such as system 
200 or system 400, described above in reference to Figure 2 and Figure 4, respectively. In 
various embodiments of the invention, a solvent is added to the photoresist during the recovery 
process. For such embodiments, the solvent may the same, similar to, or compatible with, the 
solvent originally contained in the photoresist to aid in uniform coating. 
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[0030] At operation 520, the recovered photoresist is treated to provide photoresist with the 
desired amount of solvent. For various embodiments, treatment may include adding solvent to 
the recovered photoresist. For example, where the photoresist is recovered using a system 
similar to system 200, as described in reference to Figure 2, the recovered photoresist may have 
less than the desired amount of solvent. Even for an embodiment in which a solvent-rich 
environment is employed within the recovery drainpipe, the amount of solvent added by such a 
solvent rich environment is less than the amount of solvent removed from the photoresist by 
spinning the wafer. 

[0031] For alternative embodiments that employ a photoresist recovery bowl wash process, 
the excess-photoresist/solvent composition captured in the photoresist recovery container has 
more than a desired amount of solvent. For such embodiments, treatment of the recovered 
photoresist includes removing solvent from the excess-photoresist/solvent composition, as, for 
example, by evaporation. 

[0032] At operation 525, the treated recovered photoresist is filtered to improve quality and 
rendered acceptable for reuse. Such recovered photoresist may be acceptable for all uses as the 
original photoresist, alternatively, such recovered photoresist may be used for less critical 
applications. 



GENERAL MATTERS 

[0033] Embodiments of the invention provide systems and methods for recovering 
photoresist for reuse. In accordance with various embodiments of the invention, the photoresist 
may be recovered through alternative methods and systems. Upon recovery, the photoresist may 
be treated and filtered to render the photoresist suitable for reuse. 
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[0034] Many alternative system configurations are possible to effect recovery and treatment 
of the photoresist. 

[0035] In reference to Figure 2, a photoresist recovery apparatus is described as having a 
single photoresist recovery container. Where multiple photoresists are to be recovered, it may be 
necessary to separately recover each distinct photoresist. That is, where the only difference 
between two or more photoresists is viscosity that can be adjusted by solvent concentration, then 
it would be possible to recover the photoresists together. Or, if the only difference between 
photoresists was that one was dyed and one was not, it may be possible to recover them together 
and add dye to have a recovered dyed photoresist. However, some photoresists are incompatible 
and cannot be recovered together. For example, where two or more photoresists, each using a 
different solvent, are to be recovered, the combination of the photoresists and solvents may be 
valueless. In such cases, alternative embodiments of the invention employing multiple resist 
recovery containers for the separate recovery of different photoresists may be used. 
[0036] For an embodiment employing multiple photoresist recovery containers, the 
photoresist recovery apparatus may contain multiple perimeter drains, each corresponding to a 
particular photoresist recovery container. For such an embodiment, the wafer spindle height may 
be adjusted to align with each perimeter drain to effect the separate recovery of distinct 
photoresists. In alternative embodiments, the position of the bowl may be adjusted into alternate 
recovery positions. 

[0037] For one embodiment, recovery and treatment of the photoresist may be incorporated 
in an integrated system. For example, as discussed above, after recovery, the photoresist is 
treated to provide a photoresist with the appropriate amount of solvent. That is, the recovered 
photoresist may contain more or less solvent than desired depending upon the recovery method 



Patent Application 



11 



006601. P033 

Express Mail Label No.: EV339923375US 



employed. Excess solvent added during a particular recovery process may be evaporated, while, 
for another recovery process, solvent may be added where a deficiency exists due to evaporation 
during the deposition and recovery processes. The recovered and treated photoresist is then 
filtered to remove any extraneous particulate matter. In accordance with one embodiment of the 
invention, system 200 and system 400, described in Figures 2 and 4, may include a treating and 
filtering apparatus. For such an embodiment, the viscosity of the recovered photoresist is 
monitored as it is recovered to determine the amount of solvent to be added or evaporated. The 
photoresist is then treated accordingly. The treated, recovered photoresist then proceeds through 
a filtering mechanism to produce useable photoresist. 

[0038] While the invention has been described in terms of several embodiments, those 
skilled in the art will recognize that the invention is not limited to the embodiments described, 
but can be practiced with modification and alteration within the spirit and scope of the appended 
claims. The description is thus to be regarded as illustrative instead of limiting. 
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